Introduction
============

Prostate cancer (PCa) is the second most frequent malignancy in men and second most common cause of cancer-related death among men in the United State, the incidence of which continues to increase [@B1]- [@B3]. Prostate \[cancer usually develops from castration-sensitive to castration-resistant, inescapable progressing highly metastatic properties. The detailed molecular mechanism and potential targets of metastatic CRPC remains unclear, needing further research and experience urgently. Metastasis is the leading cause of PCa death. In this respect, intervention at the point of metastasis and biochemical recurrence (BCR) will be more valuable than at time when PCa has advanced to later stages. Thus, it is highly desirable to effectively estimate PCa with increased metastasis and BCR risk. Identifying effective biomarkers to better predict the diagnostic and prognostic levels of this malignancy metastasis and recurrence is also of vital importance.

The recent use of high-throughput gene microarray in analyzing normal and tumor tissue samples from patients gives us an opportunity to discover and explore the whole molecular landscapes of tumors at various levels ranging from copy number changes and somatic mutations at the genome level to gene expression alteration at transcriptome level [@B4]-[@B6]. While the application of microarrays in clinic is greatly limited because of numerous genes detected by gene profiling, lack of both independent reliability and repeatability, likewise the complicated statistical analyses. Meanwhile experimentally identifying key genes in genome-wide is very time-consuming and laborious. In order to put these expression profiles in clinical practice as soon as possible, it needs to develop an optimal approach that could be handled by routine assay. Moreover, there is an explicit need to improve our ability to enhance prostate cancer patients with high risk of metastasis and recurrence following radical prostatectomy (RP). The challenge in exactly predicting PCa metastasis and recurrence may in part attribute to a complicated network of pathways that promote the disease development.

In the current study, we downloaded GSE3325 from the Gene Expression Omnibus (GEO, <http://www.ncbi.nlm.nih.gov/> geo/) and use the GEO2R online tool to systematically detect the differentially expressed genes (DEGs). Then, we constructed protein-protein interaction (PPI) network of the DEGs and choose the top 15 hub genes by a high degree of connectivity. Furthermore, the gene ontology and KEGG pathways of DEGs were analyzed. Meanwhile, disease free survival (DFS) and Biochemical Recurrence (BCR) analysis of the top 15 hub genes were operated based on The Cancer Genome Atlas (TCGA) database (<https://genome-cancer.ucsc.edu/>) [@B7]. After that, 3 genes were selected to further evaluate the mRNA expression and their protein expression in normal and tumor tissues, based on TCGA and The Human Protein Atlas database (<http://www.proteinatlas.org>). Finally, according to the diagnostic value, the correlation between them and AR expression, we focused our attention on KIF20A, which can interact with Rab6 small GTPase and involve in the Golgi-to-ER retrograde transport and is also an important mitotic kinesin needed for cytokinesis[@B8], [@B9]. Although some of previous studies displayed that KIF20A may play a key role in the tumorigenesis and progression of several types of cancer[@B10]-[@B13], the role of this gene in prostate cancer development and progression has not been illuminated. To obtain further insight into the function of KIF20A, GSEA was operated to map into GO analysis and KEGG pathways database. We also found that the expression of KIF20A correlated with clinical and pathological characteristics of patients with PCa. In conclusion, our findings identified 15 hub genes, which may play important roles in prostate cancer progression. This study also suggested that KIF20A may be a novel biomarker for predicting the diagnosis, prognosis and an important target for the treatment of metastatic and advanced PCa.

Materials and Methods
=====================

Microarray Data
---------------

Gene expression profile of GSE3325 was downloaded from the GEO database, which was a free and open available database. The GSE3325 dataset has a total of 19 samples, containing 7 primary prostate cancer samples, 6 metastasis and 6 normal prostate tissues, according to agilent GPL570 platform (Affymetrix Human Genome U133 Plus 2.0 Array). It includes genome-wide mRNA expression data of the 19 samples. We also downloaded the Series Matrix File of GSE3325 and obtained 54674 gene expression data in this database.

Identified Genes of Differential Expression
-------------------------------------------

The DEGs between prostate cancer and normal prostate samples were analyzed by GEO2R (<https://www.ncbi.nlm.nih.gov/geo/geo2r/>), based on R language, which was an online analysis tool for the GEO database. We defined DEGs as differentially expressed with logFC \> 2 (upregulated genes) or logFC \< - 2 (downregulated genes), according to the criteria [@B14], [@B15]. The adjusted *P* value \< 0.05 was considered statistically significant, which was utilized to decrease the false positive rate. Then, 427 upregulated genes and 420 downregulated genes were found, and the top 15 genes with a high degree of connectivity were chose as hub genes.

Further, hierarchical cluster analysis was used to show the volcano plot and heat map of two groups by ImageGP (<http://www.ehbio.com/ImageGP/index.php/Home/> Index/index.html).

Gene Ontology and KEGG Pathway Analysis of DEGs
-----------------------------------------------

Genes could be annotated by Gene ontology (GO) analysis and their functions were classified by biological pathways, molecular function, as well as cellular components [@B16]. The Kyoto Encyclopedia of Genes and Genomes (KEGG) is a set of databases that could dispose biological pathways and genomes related to diseases and drugs. KEGG substantially is a channel for the overall and deep understanding of biological systems [@B17]. The cut-off criterion with statistic difference was P \< 0.05. Used the DAVID online database (DAVID, <http://david.ncifcrf.gov>), cellular components, molecular functions, biological processes, and pathways of DEGs were analyzed.

PPI Network Analysis
--------------------

The protein-protein interaction (PPI) information, like physical and functional associations, was assessed and integrated by The Search Tool for the Retrieval of Interacting Genes (STRING), an online tool. Until now, STRING version 10.0 have covered a total of 9,643,763 proteins from 2031 organisms[@B18]. To estimate the interactional correlation of these DEGs, DEGs was first drawn by STRING and then the Cytoscape software was used to construct a PPI network. Also, STRING was used to map 15 hub genes according to maximum number of interactors ≤ 5 and confidence score ≥ 0.4. GO and KEGG pathway was also utilized to analysis their potential information.

The Hub Gene Expression Level
-----------------------------

In this study, the boxplot was employed to visualize the expression of 3 hub genes in 498 PCa samples and 52 normal prostate samples from TCGA-PARD (prostate adenocarcinoma) dataset. The Human Protein Atlas (HPA, <https://www.proteinatlas.org/>) is a Swedish-based project, which was launched in 2003 with the goal to map all human proteins in organs, tissues, cells and using the integration of diverse omics technologies[@B19]. By acquiring immunohistochemical data of patients with or without PCa based on HPA, we further confirmed the expression of these hub genes.

Survival Analysis of Hub Genes
------------------------------

The disease-free survival information was based on TCGA-PARD database. The hazard ratios (HR) with 95% confidence intervals were calculated and *P* \< 0.05 was regarded as statistically significant.

Gene Set Enrichment Analysis
----------------------------

498 PCa samples from TCGA were classified into two groups (high versus low) based on the expression level of KIF20A, and the median expression value was considered as the cut-off point. To explore the potential function of KIF20A, GSEA (<http://software.broadinstitute.org/gsea/index.jsp>) was operated between the two groups. We selected annotated gene sets c2.cp.kegg. v5.2.symbols.gmt as the reference gene sets. FDR \< 0.05 and gene size ≥ 100 were considered as the cut-off criteria.

Statistical Analysis
--------------------

The values of each group were presented as the mean ± SD. A difference of *P* \< 0.05 was considered statistically significant. The statistical analysis software performed in this study was GraphPad Prism 6.0 (GraphPad Software, Inc., USA) and SPSS 22.0 (IBM SPSS, Chicago, IL). Unpaired t-test was used to elevate the statistical difference between KIF20A expression in cancer tissues and normal prostate tissues. The differences in KIF20A mRNA expression in the PCa subgroups were analyzed by the Mann- Whitney test. The diagnostic values of KIF20A in different patients with PCa were verified by receiver operator characteristic (ROC) curve analysis. The correlation between the KIF20A expression level and the DFS rate were calculated by the Kaplan-Meier curve and log-rank test.

Results
=======

Screening of DEGs and Hub Genes
-------------------------------

There were 13 PCa samples and 6 normal samples in this study. The DEGs were identified by the GEO2R online analysis tool, using adjusted P value \< 0.05 and \|logFC\| ≥ 2 as cut-off criteria. A total of 847 DEGs were detected after analyzing GSE3325, 427 of which were upregulated genes while 420 were downregulated (Figure [1](#F1){ref-type="fig"}b). In Figure [1](#F1){ref-type="fig"}a, the expression of the top 25 upregulated and 25 downregulated DEGs with fold change 2 was displayed. And most of these genes were further upregulated or downregulated in metastasis prostate cancer. Additionally, 15 hub genes and their characteristics in PCa were identified based on their degree of connectivity from high to low (Table [S1](#SM0){ref-type="supplementary-material"}).

Functional Enrichment Analysis
------------------------------

To acquire a more comprehensive and deep understanding of those chosen DEGs, DAVID was used to analyze GO function and KEGG pathway enrichment. The TOP5 gene ontology categories were shown in Table [S2](#SM0){ref-type="supplementary-material"}. In biological processes (BP), the downregulation DEGs were mainly enriched in muscle contraction; urinary bladder development; kidney development; regulation of blood pressure; Upregulation DEGs were mainly enriched in cell division, mitotic nuclear division, sister chromatid cohesion, DNA damage response, signal transduction by p53 class mediator resulting in cell cycle arrest, and cell proliferation. And in molecular function (MF), the downregulated DEGs were mainly associated with structural constituent of muscle, structural molecule activity. The upregulated DEGs were mainly implicated with transcription factor activity, sequence-specific DNA binding, core promoter binding. In addition, GO cell component (CC) analysis was showed that the downregulated DEGs were principally involving the extracellular space, proteinaceous extracellular matrix, Z disc, extracellular region, sarcolemma, while the upregulated DEGs were mainly enriched in midbody, chromosome, centromeric region, spindle, chromosome passenger complex (Table [S2](#SM0){ref-type="supplementary-material"}).

Table [S3](#SM0){ref-type="supplementary-material"} uncovered the most significant KEGG pathway of the downregulated and upregulated DEGs. The upregulated DEGs were enriched in Cell cycle, Oocyte meiosis, p53 signaling pathway. Figure [2](#F2){ref-type="fig"}a-c gave a GO and KEGG pathway enrichment plot of PCa.

Hub Genes Screening from the PPI Network
----------------------------------------

According to the message of the STRING protein query, we built the PPI network of the top 15 hub genes based on the degree of connectivity Figure [2](#F2){ref-type="fig"}d. The top 15 hub genes were as follows: CDK1, CCNB1, BUB1, CENPA, AURKB, CCNB2, BIRC5, AURKA, BUB1B, TTK, KIF20A, CDKN3, KIF2C, NCAPG and CDCA8. Based on KEGG pathway analysis, this hub genes were enriched in p53 signaling and cell cycle pathway (Table [S4](#SM0){ref-type="supplementary-material"}).

The Kaplan-Meier survival analysis
----------------------------------

The present study analyzed the association between the top 15 hub gene expression and disease-free survival (DFS) of patients with PCa patients by Kaplan-Meier analysis. The results showed that expression of CDK1 (HR=1.856, log-rank *P* = 0.0332) was correlated with worse disease-free survival (DFS) for PCa patients, as well as BUB1 (HR=2.342, log-rank P=0.0049), CENPA (HR=2.785, log-rank P=0.0006), AURKB (HR=2.267, log-rank P= 0.0048), BIRC5 (HR=2.086, log-rank P=0.0347), AURKA (HR=2.866, log-rank P = 0.0006), BUB1B (HR=2.116, log-rank P=0.0094), KIF20A(HR=2.060, log-rank P=0.0138), CDKN3(HR=2.451, log-rank P= 0.0029), KIF2C(HR=1.930,log-rankP=0.0234), NCAPG (HR =2.107, log-rank P=0.0110), CDCA8(HR=2.921, log-rank P=0.0004). Only the level of CCNB1 (HR= 1.464, log-rank P=0.1735), CCNB2 (HR=1.697, log- rank P = 0.0626), TTK (HR=1.249, log-rank P=0.4264) had no significant difference on the survival curve of PCa patients (Figure [3](#F3){ref-type="fig"}a-o).

Association with biochemical recurrence and The Expression of Hub Genes
-----------------------------------------------------------------------

Then, we chose 3 hub genes which were unknown in PCa (Table [S1](#SM0){ref-type="supplementary-material"}) to evaluate the expression level between prostate tumor and normal tissue using TCGA database. And as shown in Figure [5](#F5){ref-type="fig"}a-c, compared to normal tissue, the expression level of CENPA, KIF20A and CDCA8 significantly elevated in PCa patients. Subsequently, we detected the expression of them use the immunohistochemical data in the HPA website. The staining pictures verified that the CENPA, KIF20A and CDCA8 in PCa patients exhibited higher expression levels compared with those in normal prostate tissue. Further, the correlation between 3 hub genes and AR was analyzed (Figure [6](#F6){ref-type="fig"}a-c). After that, we selected KIF20A, more diagnostic value, the most correlation with AR and obvious elevated expression, to operate the further assessment. Finally, the association of the 15 hub genes with PCa BCR was also assessed. All of them was correlated with PCa BCR (Table [S5](#SM0){ref-type="supplementary-material"}).

KIF20A expression was correlated with various clinicopathological parameters in PCa
-----------------------------------------------------------------------------------

Analysis of the 498 cases contained in the TCGA database revealed that the upregulation of KIF20A expression was significantly associated with higher BCR, pathological T stage, lymph node metastasis, PSA value and gleason score in PCa (Figure [6](#F6){ref-type="fig"}d-h; Table [S6](#SM0){ref-type="supplementary-material"}). To investigate the diagnostic value of KIF20A in PCa, ROC curves for clinicopathological parameters were evaluated. The results revealed that the KIF20A mRNA level could discriminate PCa tissues from normal tissues, yielding an AUC of 0.8406 (95% CI: 0.6603 to 0.8256; p \< 0.0001) (Figure [S1](#SM0){ref-type="supplementary-material"}a). In the same way, we also analyzed the diagnostic value of KIF20A in different subgroups according to the clinicopathological parameters of the patients (Figure [S1](#SM0){ref-type="supplementary-material"}b-f). These data indicated that KIF20A was a potential biomarker for the diagnosis of PCa.

Gene Set Enrichment Analysis
----------------------------

To obtain deeper insight into the function of the KIF20A, GSEA was used to map into KEGG pathways and GO analysis database. 9 functional gene sets associated with metastasis or oncogene pathway were shown, based on the cut-off criteria FDR \< 0.05, and gene size ≥ 100, (Figure [7](#F7){ref-type="fig"}a-i). This result showed that high expression of KIF20A was enriched in CHANDRAN_METASTASIS_UP gene set (genes upregulated in metastatic tumors from the whole panel of patients with prostate cancer, ES=0.5961, p=0, FDR=9.61E-04) and RAMASWAMY_METASTASIS_UP (upregulated genes in metastatic vs primary solid tumors, ES=0.666229, p=0, FDR=2.43E-04). Other gene sets which were important pathway for prostate progression and metastasis were also associated with KIF20A mRNA expression.

The Receiver Operating Characteristic (ROC) curve analysis of Hub genes
-----------------------------------------------------------------------

ROC curve analysis was operated with regards to the expression of top 15 hub genes in BCR subgroups of patients with PCa. The results indicated that these hub genes could discriminate BCR patients from no BCR patients with an area under the curve (AUC) of 0.5977 to 0.7020 (Figure [4](#F4){ref-type="fig"}a-o). The results suggested that the expression of these hub genes may be an effectively diagnostic indicator for patients with PCa BCR.

Discussion
==========

Copy number alterations, oncogenic structural DNA rearrangements and recurrent somatic mutations have been confirmed in primary prostate cancer in many studies[@B20]-[@B27]. These contain copy number alterations including PTEN, MYC, CHD1, and RB1; point mutations in SPOP, TP53; and E26 transformation-specific (ETS) fusions, among other biologically related genes. Although the changes or features of some primary prostate cancers have the diagnosis and prognosis clinical significance[@B28], [@B29], the prognosis of PCa is still poor. The BCR of prostate cancer is the main cause of death. Thus, specific and sensitive biomarkers for primary and BCR PCa are urgently needed to be found. Our study systematically assessed expression profiling acquired from microarray studies of PCa, which included 13 PCa samples and 6 normal samples from the GEO database of GSE3325. A total of 847 DEGs were obtained including 427 upregulated genes and 420 downregulated genes. To have a better understanding of these DEGs, KEGG pathway and GO function analysis were carried out. The results of functional enrichment analysis suggested that the significant DEGs were related to P53 signaling pathway and cell cycle pathway in PCa. The regulation of cell cycle was an important content and hot issue in the life science study. The core DEGs including CDK1, CCNB1, BUB1, CENPA, CCNB2, BIRC5, AURKA, BUB1B, TTK, KIF20A, CDKN3, KIF2C, NCAPG and CDCA8 were discovered as hub genes in PPI networks. Importantly, some of the DEGs were verified and found associated with tumor stages, metastasis, biochemical recurrence and survival, which indicated these hub genes could not only control cellular process but also confer high value in clinical practice. Although, prostate cancer shares a number of pathways with other cancers such as TP53, TGF-beta pathways, some prominent pathways involving the AR, SPOP, MYC, RB1 and PTEN relevant pathways also play a key role in PCa. In these complicated and comprehensive processes, these hub genes nearly take part in all key cellular pathways considering that they can interact with many proteins. By building the PPI network, the key genes were recognized, which were associated with progression and metastasis of prostate cancer.

PSA has great value in the diagnosis of prostate cancer. It is a prostate cancer biomarker approved by FDA[@B30]. However, due to the low specificity of PSA in diagnosis, unnecessary biopsies and overtreatment in clinical practice are on the rise[@B31]. Following prostate normal epithelium progressed to the tumor, the expression of PSA significantly increased. In people older than 60, the production of PSA also increased, which reduced the sensitivity of PSA detection[@B32]. At the same time, there was no significant correlation between the level of PSA and the severity of prostate cancer[@B33]. Therefore, exploring new diagnostic markers for prostate cancer still had important clinical significance. In this study, we found that KIF20A could sufficiently discriminate PCa from paired normal tissues with AUC of 0.8406. The diagnostic value of this genes for prostate cancer BCR was also analyzed, suggested that most of these hub gene had novel potential biomarker for predicting diagnosis of patients with BCR. Kaplan-Meier survival analysis was utilized to determine disease- free survival (DFS) according to the expression of top 15 hub genes. The results revealed that high expression of hub genes was correlated with poor DFS and most of them may be considered novel potential prognostic biomarkers in patients with PCa. In accordance with our result, CDK1 has been confirmed upregulation in PCa, predicted biochemical recurrence via androgen receptor phosphorylation at serine 515 and divers AR, ARV7 expression [@B34]-[@B36]. It was also reported that AURKA could transfer prostate cancer to lethal neuroendocrine prostate cancer (NEPC). Inhibition of the N-Myc/AURKA Feed- Forward loop in NEPC induced tumor cell death[@B37]-[@B39]. Some other hub genes were reported enhancing PCa cell proliferation or progression (Table [S1](#SM0){ref-type="supplementary-material"}). Except for the previously studied key genes, there are also some hub genes not reported in PCa before, like CENPA, KIF20A, CDCA8.We found that these three genes were all overexpression in prostate cancer tissues compared with normal tissues. As we known, this study was the first reported that they were upregulated in PCa and associated with DFS of prostate cancer patients. Then, based on more diagnostic value, the most correlation with AR and obvious elevated expression, we selected KIF20A to determine the further assessment. The present study indicated that KIF20A expression levels tended to elevate with increasing tumor gleason score, PSA value, T stage and the expression was also associated with lymph node metastasis and BCR.

In our study, the expression of KIF20A may be associated with BCR and metastasis, so we focused our attention on the GSEA functional gene sets correlated with progression and metastasis of Pca. We selected annotated gene sets c2.cp.kegg.v5.2. symbols.gmt as the reference gene sets. FDR \< 0 05and gene size ≥ 100 were considered as the cut-off criteria. RB1, MYC, P53, PLK1 and YBX1, most frequently aberrant genes in prostate cancer, contributed to the progression and metastasis of PCa[@B40]-[@B49]. Our finding displayed that high expression of KIF20A was enriched in these pathway and metastasis gene set of prostate cancer.

Recently study had reported that KIF20A may promote a transition from proliferative to differentiative divisions of neural progenitor cells. While, Neuroendocrine differentiation of prostate cancer was closely related to metastasis and ADT treatment tolerance in prostate cancer patients. Lots of molecular mechanisms, such as loss of tumor suppressors, like p53 and RB1, amplification of MYCN promote the progression of CRPC to NEPC. Our study suggested that the expression of KIF20A may be associated with neuroendocrine differentiation in prostate cancer. All the results indicated that KIF20A may contribute to the progression, biochemical recurrence and metastasis of prostate cancer. To the best of our knowledge, the current study is the first research evaluating the functional role of KIF20A in PCa tumorigenesis and progression. Unlike previous literature, the value of these 15 genes in the prognosis and diagnosis of biochemical recurrence in prostate cancer was systematically analyzed. Furthermore, the expression of three genes that were not studied in prostate cancer was evaluated. In addition, the possible mechanism of KIF20A in prostate cancer was also analyzed. However, the exact mechanisms and in-depth pathways of these hub genes should be explored by experiments in the future. Core genes in distinct periods like metastatic CRPC need for deeper investigation. In conclusion, the hub genes regulatory network may provide an opportunity to discover potential targets for new drug treatment and development. By utilizing the bioinformatic analysis on hub genes and regulatory pathways, we may obtain important and novel potential targets in the tumor-genesis, prognosis, recurrence, diagnosis, metastasis and key mechanisms in prostate cancer.
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![Prognostic value of 15 genes. (a) CDK1, (b) BUB1, (c) CENPA, (d) AURKB, (e) BIRC5, (f) AURKA, (g) BUB1B, (h) KIF20A, (i) CDKN3, (j) KIF2C, (k) NCAPG, (l) CDCA8, (m) CCNB1, (n) CCNB2 and (o) TTK. P \< 0.05 was considered statistically different.](jcav10p1398g003){#F3}

![Diagnostic value of 15 genes for prostate cancer BCR. (a) CDK1, (b) CCNB1, (c) BUB1, (d) CENPA, (e) AURKB, (f) CCNB2, (g) BIRC5, (h) AURKA, (i) BUB1B, (j) TTK, (k) KIF20A, (l) CDKN3, (m) KIF2C, (n) NCAPG and (o) CDCA8 in PCa. P \< 0.05 was considered statistically different.](jcav10p1398g004){#F4}

![The expression of three hub genes (a-c) Expression level of CENPA, KIF20A, and CDCA8 in PCa and normal tissues. Number (T = 497, N = 52); ∗P \< 0 05. (d) CENPA, KIF20A, and CDCA8 protein were strongly upregulated in PCa tissues compared with normal prostate tissues according to The Human Protein Atlas database.](jcav10p1398g005){#F5}

![The correlation between AR and three hub genes and the relationship between KIF20A with various clinicopathological parameters in PCa (a-c) The correlation between AR and three hub genes in PCa tissues. (N = 498); The high mRNA expression of KIF20A was associated with various clinicopathological factors: (d) Biochemical recurrence, (e) T stage, (f) Lymph lymph node metastasis, (g) PSA value, (h) Gleason score, Gl means Gleason score.](jcav10p1398g006){#F6}

![Gene set enrichment analysis (GSEA) of KIF20A. 9 representative functional gene sets enriched in PCa with KIF20A highly expressed were listed.](jcav10p1398g007){#F7}
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